Background: Paediatricians rely on cough descriptors to direct them to the level of investigations needed for a child presenting with chronic cough, yet there is a lack of published data to support this approach. A study was undertaken to evaluate (1) whether historical cough pointers can predict which children have a specific cause for their cough and (2) the usefulness of chest radiography and spirometry as standard investigations in children with chronic cough. Methods: This was a prospective cohort study of children referred to a tertiary hospital with a cough lasting .3 weeks between June 2002 and July 2004. All included children completed a detailed history and examination using a standardised data collection sheet and followed a pathway of investigation until a diagnosis was made. Results: In 100 consecutively recruited children of median age 2.8 years, the best predictor of specific cough observed was a moist cough at the time of consultation with an odds ratio (OR) of 9.34 (95% CI 3.49 to 25.03). Chest examination or chest radiographic abnormalities were also predictive with OR 3.60 (95% CI 1.31 to 9.90) and 3.16 (95% CI 1.32 to 7.62), respectively. The most significant historical pointer for predicting a specific cause of the cough was a parental history of moist cough (sensitivity 96%, specificity 26%, positive predictive value 74%). Conclusions: The most useful clinical marker in predicting specific cough is the presence of a daily moist cough. Both chest examination and chest radiographic abnormalities are also useful in predicting whether children have a specific cause of their cough. C ough is one of the most common reasons for consulting a doctor.
1 All children will cough at some time and most will be normal, yet it is the clinician's role to decide which children warrant further review and investigation. 2 In adults it has been shown that cough descriptors are largely unhelpful, 3 but paediatricians rely on specific clinical clues such as recurrent pneumonia or daily moist cough to direct them to the level of investigations needed and to make a provisional diagnosis. 4 5 Indeed, it is generally suggested that the decision to subject a child with cough to further investigations is largely reliant on the history, 4 6 yet there are no published data to support this.
Definitions of the spectrum of cough in children include categorising cough into specific and non-specific cough, based on the likelihood of an underlying cause of the cough. 7 The presence of specific pointers such as auscultatory findings, digital clubbing, failure to thrive, and recurrent pneumonia (see table 1 for complete list) in a child with chronic cough indicates that the child has specific cough. 8 Diagnoses such as bronchiectasis, retained inhaled foreign body, and protracted bronchitis are some of the diagnoses that are included in this group. 4 The absence of these specific pointers suggests that non-specific cough is more likely, which is primarily a dry cough for which no underlying cardiorespiratory aetiology is identifiable-for example, psychogenic cough or cough which resolves naturally. 9 An increase in cough receptor sensitivity has been found in this group. 10 11 In addition to looking for specific cough pointers in the clinical history and examination of a child with chronic cough, simple investigations such as chest radiography and spirometry are recommended, 4 5 despite the lack of published data to support this. As there is a substantial deficit in the literature to support these clinical recommendations for diagnosing children with chronic cough, confirmatory data on the usefulness of clinical history and investigations used would be beneficial.
The aim of this study was to evaluate the value of these recommendations, in particular whether (1) historical cough pointers can predict which children have a specific cause for their cough and (2) the usefulness of chest radiography and spirometry as standard investigations in children with chronic cough. We hypothesised that clinical pointers would be present in children with specific cough and absent in children with non-specific childhood cough, and that chest radiography and spirometry would positively identify those with specific cough.
METHODS
Patient selection and study protocol Children with chronic cough (.3 weeks) 12 13 of unknown aetiology referred to the paediatric respiratory practice at our university hospital between June 2002 and July 2004 were prospectively enrolled in the study. The children attended an initial visit which included detailed history and examination using a standardised data collection sheet. The history included duration and character of the cough, past history of dyspnoea (exertional or chronic), wheeze, haemoptysis, swallowing problems, failure to thrive, allergies, recurrent respiratory tract infections, smoke exposure, upper airway problems including snoring and family history of atopy and asthma. Examination included complete ear, nose and throat, respiratory and cardiovascular examinations, looking particularly for clubbing, chest deformity, cardiac abnormality, or auscultatory abnormality. Exclusion criteria were infants born premature (,37 weeks gestation), children with known lung disease or other severe underlying disorders such as gross neurodevelopmental delay or cardiac abnormalities.
Written informed consent was obtained and the study was approved by our institution's ethics committee.
The subjects were investigated and followed using a standardised pathway until diagnosis was made. A high level of investigation was performed to provide objective diagnoses in the cohort. These included chest radiography, spirometry (in children .6 years of age), and bronchoscopy and bronchoalveolar lavage in all children to obtain airway cytology, microbiology and inflammatory marker evaluation. High resolution computed tomography of the chest (HRCT) and/or pHmetry were performed in more than half the patients. Laboratory investigations carried out in all patients included sweat chloride test, cystic fibrosis gene mutations (eight most common mutations in Australian population), serum Mycoplasma pneumoniae total antibody and Bordetella pertussis IgA serology, immunoglobulins (IgG, IgM, IgA), total IgE and IgG subclasses. The detailed protocol, investigations used, and number of abnormal results have been published elsewhere.
14 A validated cough diary 15 was completed by each patient (or caregiver) throughout the duration of the study to assess response to treatment. Diagnostic categories were reached using standard a priori definitions which included investigation results and response to treatment. Response to treatment was defined as improvement by .75% according to cough diary data 15 or total resolution of the cough. The primary diagnostic outcome was defined as the diagnosis (and subsequent treatment) which resulted in cough resolution.
Clinical definitions
Non-specific cough was defined as a dry cough with no readily identifiable underlying respiratory disease. 7 9 The following diagnoses were classified as non-specific cough in our study: habit cough, gastro-oesophageal reflux disease, upper airway cough syndrome, and children in whom there was natural resolution of the cough. In contrast, specific cough was defined as cough for which an underlying respiratory condition was found and included bronchiectasis, protracted bacterial bronchitis, bronchiolitis obliterans, aspiration lung disease, eosinophilic lung diseases, tuberculosis, B pertussis infection, M pneumoniae infection, and asthma. For the purpose of this study we have defined protracted bacterial bronchitis of childhood as history of chronic moist cough, positive bronchoalveolar lavage culture (growth of .10 4 colony forming units/ml), and response to antibiotic treatment with resolution of the cough within 2 weeks. Natural resolution was defined as spontaneous resolution of cough without treatment or, if treatments were tried, there was no temporal relationship (.2 weeks) to cough resolution. Protocol clinical definitions are described in table 2. The remaining diagnoses not listed were made by standard clinical practice.
Clinicians assessed the character of the cough as ''wet'' or ''dry''. As it has been shown that parental reporting of cough quality is reliable, 20 when the cough was non-assessable by clinicians the parental reporting of cough quality was recorded as ''wet'' or ''dry''. An abnormal chest examination was defined as the presence of chest wall deformity or auscultatory findings of crackles, wheeze, or differential air entry. An abnormal chest radiograph was defined by the presence of collapse, consolidation, or hyperinflation. The presence of peribronchial thickening on the chest radiograph was also noted and this finding added to the more significant radiographic findings stated above for further analysis. Chest radiographs were reported by paediatric radiologists working within our tertiary centre who were not involved in any other aspect of this study.
Statistical analyses
Children were categorised into two diagnostic groups of specific cough and non-specific cough as defined above. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and positive likelihood ratio (LR) for the presence of clinical pointers and abnormal investigations in predicting specific cough were calculated. A x 2 test was used for comparison of resolution rates between children with and without wet cough. Odds ratios were used to calculate the value of factors in identifying diagnostic groupings. A two tailed p value of ,0.05 was considered significant. SPSS version 12 was used for all statistical calculations.
RESULTS

Characteristics of patients
The median age of the 100 consecutive children (53 boys) presenting to our institution with chronic cough was Aspiration lung disease
Children with recurrent cough with feeds and patchy changes on chest radiograph. 9 The
positive, rising total antibody titres to M pneumoniae) and evidence of these organisms in BAL using PCR 2.8 years (interquartile range (IQR) 1.0-6.5). These children were recruited from 106 invited to participate. They had a median duration of cough of 6.0 months (IQR 3.0-12.0) at study recruitment. Specific cough was found in 69 children (69%) and non-specific cough in the remaining 31. The most common diagnosis in the specific cough group was protracted bacterial bronchitis in 45 (45%). Others diagnoses found within this specific cough group included: bronchiectasis (n = 6); asthma-like conditions (n = 4); eosinophilic disorders (n = 4); aspiration disorders (n = 5); M pneumoniae infection (n = 2); B pertussis infection (n = 1); endobronchial tuberculosis (n = 1); and bronchiolitis obliterans (n = 1). The most common diagnostic group in children with non-specific cough was that of natural resolution in 24 (24%). Others included: habit cough (n = 1); gastro-oesophageal reflux disease (n = 3); upper airway cough syndrome (n = 3). Of the 29 children who presented with a dry cough, 20 (69%) resolved naturally. In comparison, in the 71 children with moist cough only 14 (19.7%) resolved spontaneously (p,0.0005). The single child with B pertussis infection in our cohort did not have the typical paroxysmal or spasmodic cough characteristic of this diagnosis and presented with an unremarkable dry cough, both on parental history and doctor observations.
Outcomes
The value of historical pointers in predicting specific cough is shown in table 3. The presence of chronic moist cough was the best detector of specific cough with a sensitivity of 96%, PPV of 74%, and NPV of 73%, although it had a specificity of 26% only. Chronic dyspnoea and haemoptysis were also strong historical predictors of specific cough with a PPV of 83%, specificity of 97%, and LR of 2.25 for each factor. These pointers were only present in a small number of children so they had a poor sensitivity (7%) and NPV (32%). The odds ratio (OR) for the presence of any historical pointers in predicting specific cough was 5.28 (95% CI 1.23 to 22.73) while the OR for doctor observed moist cough was 9.34 (95% CI 3.49 to 25.03) (table 4).
Assessment of clinical examination and standard investigations for chronic cough are shown in table 4. In those with an abnormal chest examination the OR was 3.60 (95% CI 1.31 to 9.90) for finding a specific cause of the cough, and in those with an abnormal chest radiograph an OR of 3.16 (95% CI 1.32 to 7.62) was found (when peribronchial thickening was considered an abnormal finding). Table 5 shows the corresponding value of examination and investigation findings in predicting specific cough. A major abnormality on the chest radiograph-defined as the presence of collapse, consolidation or hyperinflation-was a useful marker for specific cough with a specificity of 94%, PPV of 87%, and LR 2.92. An abnormal chest examination was shown to have a specificity of 81%, PPV of 84%, and LR 2.40 for specific cough. The lower prevalence of these findings made their sensitivities poor at 19% and 46%, respectively.
Thirty two patients aged .6 years completed successful spirometric tests and, in this smaller cohort, this equates to an LR of 2.33 for a specific pathology for the cough in children with abnormal spirometry and a specificity of 93% for spirometry as a diagnostic tool. The infrequency of this finding again made the sensitivity low at 17% with a PPV of 75% and NPV of only 46%.
DISCUSSION
This is the first study which has prospectively evaluated the usefulness of historical and examination markers for predicting a specific cause in children presenting with chronic cough. We have found that the most useful clinical marker in predicting a specific cause of cough is the presence of a daily moist cough. Chest examination and simple NPV, negative predictive value; PPV, positive predictive value; LR, likelihood ratio. *Defined as >2 episodes of pneumonia in a year or >3 episodes ever.
ÀChild appears short of breath as defined by parents' awareness of breathing and/or increased respiratory rate during period of the coughing illness. Defined as coughing associated with swallowing liquids or solids one or more time/day throughout coughing illness. Table 4 Odds ratios for history, examination, and standard investigations in predicting the presence of specific cough in children investigations (chest radiography and spirometry) are useful for predicting if the cough represents a specific underlying lung condition.
There are no studies to our knowledge which have looked at the value of historical and clinical markers in predicting the cause of cough in children. Clinically, physicians rely on these markers to assess which children warrant further investigation and treatment and these pointers are cited as important factors in the assessment of chronic cough in children, 8 yet their use is based entirely on expert opinion rather then scientific evidence. It has recently been shown that the character of the cough (wet versus dry) is reliably reported by parents 20 compared with bronchoscopic findings. Our results support this and suggest that parental reporting of wet versus dry cough can help to predict the broad aetiological group within which their child falls.
There are other historical cough descriptors which clinicians use when assessing a child with chronic cough which were not found in our cohort. These include a paraoxysmal or spasmodic cough which is often described with B pertussis infections (82%) but can also be found in children infected with Bordetella parapertussis or Chlamydia pneumoniae and in those with respiratory viral illnesses. 21 A barking or brassy cough quality has been recently shown in a prospective assessment of cough quality to have a sensitivity of 57% and specificity of 81% for predicting those with tracheomalacia at bronchoscopy. 20 Non-specific cough is defined as a dry cough with no other underlying identifiable respiratory disease. 4 9 Although exceptions have been reported in the literature, 22 generally these children do not have a serious cause for their cough 2 and in many the cough will resolve naturally.
14 In this study the majority (70.6%) with non-specific cough resolved without medical intervention. For the purposes of this study we have included B pertussis and M pneumoniae infection in the specific cough category as they have an underlying respiratory cause for their cough. These diagnoses may have been included in the non-specific cough category as they are part of the differential diagnoses for children with nonspecific cough. 9 There is an overlap between specific and nonspecific cough groups and these diagnoses illustrate this. 8 Given the small number of children with these conditions (n = 1 and n = 2, respectively), describing these diagnoses as non-specific would not have significantly changed our findings.
The importance of making the distinction between nonspecific cough and specific childhood cough with an underlying cardiorespiratory pathology is clear. This study provides evidence that a moist cough is the most sensitive screening tool for assessing whether a child with chronic cough has a specific underlying cause for the cough, although the high prevalence of this finding means it has a lower specificity and there will be false positives among the patients identified. An abnormal chest examination or abnormal chest radiograph should also alert the clinician to the possibility of a specific and potentially serious cause of the cough. The relatively high PPVs will alert the physician to those children who need to be investigated further, although the relatively low sensitivities of these tools indicate that not all children will be picked up by these pointers.
The limitations of our current study include sample size and patient selection. This is particularly evident when assessing infrequent findings in our cohort such as chronic dyspnoea, recurrent pneumonia, and abnormal spirometry. With a larger sample it is possible that these historical pointers and spirometric findings may have been predictive of specific cough. Selection bias is another limitation of this cohort study but, since almost all eligible children referred to our centre were enrolled in the study, the effect of selection bias should be minimal. During the period of the study the waiting times in our clinic were generally ,3 weeks. In settings where waiting periods are significantly longer it is possible that more children would undergo spontaneous resolution. However, as children with a wet cough were significantly less likely to undergo spontaneous resolution and more likely to have specific cough, we speculate that our results would still be valid.
Despite this study being based in a tertiary centre, our findings are arguably applicable to primary healthcare facilities. The study has assessed factors within a standard medical history and examination and basic investigations (chest radiography and spirometry) which are routinely used in all healthcare facilities. It highlights the importance of basic investigations-particularly a chest radiograph-when assessing a child with chronic cough, as an abnormal chest radiograph is more likely to indicate underlying specific cardiorespiratory pathology and the need for further follow up. The pointers we have shown to be important in assessing a child with chronic cough should prompt earlier referral to a tertiary centre if diagnosis and successful treatment are not possible in the primary healthcare setting.
This prospective cohort study has assessed the importance of history and examination findings when assessing the cause of chronic cough in a paediatric population. Historical pointers such as chronic dyspnoea and haemoptysis can alert the physician to children with an increased likelihood of specific cough. We have found abnormalities of the chest radiograph and chest examination to be important predicators of the presence of a specific cough. Importantly, we have shown that the presence of a chronic moist cough significantly increased the likelihood of finding a specific cause for the child's cough. We conclude that a history of chronic daily moist cough in children should not be ignored as it increases the likelihood that a specific cause for the cough is present, and this history should prompt early referral to a specialist centre if diagnosis and successful treatment are not available in the primary healthcare setting. 
